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Effect of Caffeine on the Ca’" Pool Affecting Contractility and Actomyosin
ATPase Activity in Vascular Smooth Muscle of Rabbit

Jin Min Kim, M.D,, Young Ho Lee, Chang Hyun Moon, M.D.,*
Bok Soon Kang, M.D., Doo Hee Kang, M.D.
Department of Physiology, Yonsei University, College of Medicine, Seoul, Korea
Department of Physiology®, Ajou University, College of Medicine, Seoul, Korea

Caffeine has been known to induce the contraction of rabbit aortic ring resulting from Ca®*
release from the intracellular stores. But in contrast, contraction of aortic ring induced by
depolarizing agents or agonist was reported to be suppressed by caffeine.

The present study was intended to examine the effect of caffeine on Ca’* movement across
the plasma membrane and actomyosin ATPase activity of vascular smooth muscle to elucidate
the modes of action of caffeine on the vascular smooth muscle.

Aortic ring preparation were made from the rabbit thoracic aorta and the endothelial cells
were removed from the ring by gentle rubbing. The contractilty of the aortic ring was measured
under Varying conditions, and Ca®* influx across the membranes of the aortic ring was measu-
red with Ca?* sensitive electrode with and without caffeine and the effect of caffeine on actomy-
osin ATPase activity were measured by modified Hartshrone’s method. *Ca wash out curves
with and without caffeine were studied by Richard’s method.

The results were summarized as follows :

1) Caffeine inhibited the contractilty induced by norepinephrine, high K*, and histamine,
but caffeine alone induced a transient contraction of vascular smooth muscle. The caffeine
induced contraction was demonstrable even in the absence of external Ca’*.

2) Caffeine increased “°Ca efflux from vascular smooth muscle.

3) In the presence of propranolol, the inhibitory effect of caffeine on epinephrine induced
contraction still persisted.

4) Caffeine decreased norepinephrine induced Ca?* influx through the plasma membranes
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of aortic ring.

5) Caffeine decreased the actomyosin ATPase activity of vascular smooth muscle.
From the above results, it is suggested that caffeine induces the contraction of vascular smooth

muscle by release of Ca’* from intracellular Ca®*

by decrease of Ca’*

influx across the plasma membranes and a decreased Ca®™*

store, but inhibits drug-induced contraction
sensitivity

of contractile protein in vascular smooth muscle.
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Vascular Smooth Muscle Skeletal Muscle
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umoles/mg, wet tissue/20min@ 2™, caffeined #
7} & wole 2& 71z $¢ Ca¥t f9)o] 8.69
+ 2.33pmoles/mg, wet tissue/20minZ A} 2o
Hjste] Ca?* o] FAIA ZAsATH

wetA] caffeineo] Ca’* el K Y& FaATIE A
o] d7tA] ¥#{ FEHAZ FxE FH FF
caffeineo] A A7 E vetdl= e 71He g
e 4 Qg Aoz Azidd.

6. Caffeine0| 82+ HEZ % A 22| actomyo-
sin ATPase &4 T0| D|X|= &

Caffeinec] &4 &do] Ui o & shig
71M 0 2 caffeineo] @ HEF2o] 27|
tn¥} myosin®] Ca?tol] g el wXe 9
TS 7137 93t caffeineo] & B9 ac-
tomyosin ATPase S E o] vXe 4 AF
Afe 19 8o JEeRd uhel Zrh o] 1A
B 8k} #o] actomyosin ATPase2] &4 %+ pCa
7,6 2 504 thETE& 24zt 4.5+ 0.97, 10.9% 1.30
2 14.4% 0.91 (nmoles/mg, wet tissue/hr) 0] A 3L, caf-
feine A 7}-& 2t2t 2,26+ 0.42, 6.33+0.53 & 8.9+
1.04(nmoles/mg, wet tissue/hr) 24 FF 25 incu-
bation £ AU} Ca?t 9] ¥ %7} 7+ o) whel actom-
yosin ATPase A7} 74891, 28 Calt F
Tl A caffeine 3 7}a+2] actomyosin ATPase 4]

Ql ac-

7t 2ol vl A FAHAG FHS
A 22l ¥ actomyosin ATPase®= 22 %AHg
ER ich

w2}A] caffeineo] actomyosine ATPase ¥4 & &,
FEON A Ca’teo Ui ZFHE FAAIE
Zo] caffeined] HAA &¥e & 2 Jjdor
288 4 qlode} Azech

nl &t

Caffeined FZ 2o Al sarcoplasmic reticulum®.

2 RE G g fAA 2% £5& 23
o2 XY Ca’t AFihe A7 ¢ 7S dF
sed AoA 9] AHSEHI e FEoT. F,
Sandow!¥ & caffeineo] 7} 78] FZA o)A ‘5@%
FE(2~4mM) 9] caffeined 7]Fa] FAZe
A71g F7HAFIE B TR (5mM °V$)—4 caf-
feined A& AL Z#AFl=dH o]& caffeineo)
sarcoplasmic reticulum® 2 RE Ca’*g §a A7)
7] W&Eolgts B3t E3 caffeine O E &
AAlE G HEINAE F5E fisted o
H 3t caffeineo] Al ¥ Ca?t A2 HE Calt-e
FE A1 A g opise,

olgte Ei EEF = ¥R
F=E 7IE 88 HE829 %

FEA ) 98
o] caffeined]] 23}
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dAETE Aol HT BuFHJed!61819 o)9
712 2 caffeineo] phosphodiesterase A& ¢}
A8t cyclic adenosine monophosphate(cAMP) £]
Ao g AP PP, ojghto] caf-
feine?] Fof Whyo) wel A JEI U R
A E gl A2 dzA vehhd 1 de
obA HEslA ¥ A Rk

2 AFoAAME FA] oleidt caffeined] Aute
37} ek 2 caffeine 52 3 HEto)
dNHY #FE FEdted ¥t norepineph-
rine, 15X 2] Kt ¥ histamines} 22 o2 ¥
THEAZ 29 & 53] cffeined] o3 ¢
23] ol A (1Y 3).

meiA B AgdMe A& 7IE g5 A
WAMEE AA g3 JEI 709 teudd §
£& 59 caffeineo] Al E W Ca?* pool ¥ actom-
yosin ATPase EAxo)] vjxle JFL HEsld]
FH HE2Y Vg ) caffeined] 24714 S
THe A ok

HA caffeined] 23 @ FET9 LA FH<
FEo FUHe Calte #gg 7Y Y8l
AL3 AA(2E 4) Ca’t-free, EGTA(10mM) 7}
e KHE& Yoz HAsle Axejdog R
T42 F de CTE AANEE B caf
feined @ HEFZY AFHA 5§ FEFe
2A & d7AES Rat0e FASA caf
feineo] XU Ca’* AAAE HE Ca?tg §7
AA R HEIY £5§ dode RS Y5
F Uk E=3F caffeineo] Ca?* poold] ©jA]&
FHS BF7] A3 g e WyPe g ¥Ca
efflux 4@& 3|2 ZAFA(TE 5) 60% o]F9 Al
HAol caffeine H7Mg ZFolA dizdl v]s)
¥Ca efflux7} F713 At} o€ ¥Ca A H & Ri-
ggs’¥ 2] Whfol] F3le compartment analysisE A]
g & A7 60% o] Fof MAHE Ca¥te M XY
Ca?* AZA=Z HE fEgdHe Catde A
T A} TEkA F A F 2FAZ caffeine 2 A X
Ca’t A& A, &3] sarcoplasmic reticulum . 2 F-E}
Ca’* & fFEjAlA & HE2 & FEAUS ¢ &
ANeH, ol23t A} caffeineo] £ ¥ A& &
H3 H29] sarcoplasmic reticulum®] Ca?t re-

lease channel-& #A13} A} 71t} Roussean @ Meis-

sner®] B 3119} Qg x|3tc}.

Caffeine& A ¥U Ca?t AALAZ BE Ca’tg
ATl FEox B3, caffeine % Fo
se g8 A7HA 88 F£EAE g8 58S
FE F caffeines FoAdle A9 2 FF0] o
gElE Ae TEE F AU (2 3). olge
olgt&g o] 7]HOZ Kroegerg2W& caffeineo]
phosphodiesterase A& A3l cAMPY %
g Y@y BudA. F, A¥EW cAMP7L
22 99 myosin-light chain kinase 84 £ ¢] o} &2
) e A9 Ca?t-pumpe] #4350 o3
& HEI ool 2E 5 Ut WA B
AH T  caffeinee] AAA a7y M EY
AMPe] ZHo] FQeks NS TR Sla BB
&2 9] a,p-adrenergic receptorol] F Aol Z+-g-3}&
epinephrine& ] X]&}e] B-receptor B4 3}o| w&
cAMP7} A ® Jefol A caffeined)] 2]d o]
sho] =7|E HQm, E P-adrenergic blocking
drugq] propranolol-g A *3x}% % epinephrine2
HR8te] AEY cAMP & LA FejolA
caffeineo] # HEZ-E o] YA 7= A7 E 81L&
£ 243 gole Aolg w3 R3goh
2HA] caffeined]] o3 JA| A= AEY cAMP
A 7I1%e AL ofd AoE Atg€H. o]
2o Ane g 47ty 2anlfg gdxo.

3+, Meisheri @ van Breemen® caffeineo]
norepinphrine =& 15 %2 KT o g ZF7ld Ca?t
#FUL ARG Bustch old B AN
caffeine®] A4 Ao 71HoE & FHA
o3 F7HE Ca?t Ko Zae 7Ilske A
AE #Fs] B A caffeined @ HE 2o A
norepinephrine® 2 $x® d¢ HI 4L F
3 Ca?* RS A3 ZARAIHH T 7). GEhA
caffeine?] A &= BEFHOZ caffeineo] &
T FEAZ ¥ €9 HE2 42 53 G
e Ao EA dojd Zolgt FSHh

4 B2y #F8H 1Fxe AV 2F
3 AREA FEHONAS 438 ATled ¥
23 A ZY Ca?t ol o] &gl o) Ca’t o
N 2ArA =S 2T 842N gD,
mzhA caffeined] A Ao} £HT Al
Ca?to] Ug Ao ARAHS FHTA 8
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TVL

E AgdMe £5IHA9 Cato Uig
T4 % gag ¢ e WY e 24 actomyosin AT-
Pase $HEE FQsAcU & YT actom-
yosin ¥ 32 50% glycerolg # x]3}o] Ca?* Fx7}
Ztz} 1077, 1076 @ 1075M<Q] &Y oj| A actomyosin
ATPaseE ZA 3] B A3} caffeine A X A] actomyo-
sin ATPase A =7} & Ao A t)zFol ]3]
AJUA ZaEAHIE 8). B A A& F
HHo] &4 actomyosin £ Y- AT  glo
D2 &4 acomyosin 8-S EI¥ & Y= F
Ao A FUA A8 B 2% 94 HEgD
A9 A ATAE 42 F AUk "M
caffeine®] A4 &3+ caffeinec] £l ag]
Ca’*o]] digh AFAE FaAFezA dojd A
o2 AZtEd.

o]ge] A#2 Ho} caffeine B FETol|A
AMEY Ca®* L2 RE CalTg fEAA o
AlFRl &5 dody, 3 JETde AxY
Ca?* AFA7F NG B olz} caffeinec] E3
BEZ S T C* /iy A L FHuy
del Cattel U@ ZAFAHE FaAA 987tA

g8 £342 A=Y ¥ FB2Y $52 o
DRHER EERE S
e o

7VE oY P& A caffeineo] A E2Hg 53k
Ca?* o]% % actomyosin ATPase &4 Eol| 1| x]&
Fe TP okge BB JB2 UF x|
caffeine®] A3 E#}o 7] HE FH3lax APE
A% g5 e FEL 494

1) Caffeine2 norepinephrine, 15 %9 K+ 2
histamine® 2 §x ¥ % P29 5§ o)¢
Ao, caffeined @% T 3 HE &
YA Fo 2 FEAZ] F vl o] FAF T

2) Caffeine2 A 2jd9] Ca?t 2L s}
FE Aoz oA A FEIZo dAF
FEE st

3) Caffeine& *’Ca efflux® Z7AZA

4) ol=#ddN B—F & B2 propra-
nolol& A A X1t & FH2| A caffeined]] &3
AAd BEFe A3 EA3H -

5) Caffeine2 norepinephrined] o3 & P&
e §F Gt fYS FaAFHG

6) Caffeine> & H& F 22429 actomyo-
sin ATPase 8T & ZAAIZT-

ojlA}e] A}z Ho} caffeined P PF A
FY C2* AZAZ RE Ca2YE {FAA o
A £2& Yo7 caffeineo] F HP2u}
3 Ca?t f} 2 FF779 Cate] g
D4R ZAaAA 87t 83 $E242 §59
o HE2Y FEE oJge AR A4d

Lot oz
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